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Abstract 
We investigated the mere exposure effect and the explicit memory in Alzheimer’s disease 
(AD) patients and elderly control subjects, using unfamiliar faces. During the exposure phase, 
the subjects estimated the age of briefly flashed faces. The mere exposure effect was 
examined by presenting pairs of faces (old and new) and asking participants to select the face 
they liked. The participants were then presented with a forced-choice explicit recognition 
task. Controls subjects exhibited above-chance preference and recognition scores for old 
faces. The AD patients also showed the mere exposure effect but no explicit recognition. 
These results suggest that the processes involved in the mere exposure effect are preserved in 
AD patients despite their impaired explicit recognition. The results are discussed in terms of 
Seamon et al.’s proposal (1995) that processes involved in the mere exposure effect are 
equivalent to those subserving perceptual priming. These processes would depend on 
extrastriate areas which are relatively preserved in AD patients.  
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 Normal mere exposure effect with impaired recognition in Alzheimer’s disease 
The mere exposure effect refers to the increase of positive attitude which results from 
the repeated exposure to previously novel stimuli (Zajonc, 1968). This effect has proven to be 
a robust, reliable phenomenon and has been shown on a variety of stimuli (including nonsense 
words, line drawings, ideographs, faces, possible and impossible three-dimensional objects, 
melodies etc.), procedures (e.g., forced-choice preference judgments, liking ratings, 
pleasantness ratings, behavioural indices of stimulus preference) and populations (for reviews, 
see Bornstein, 1989; Harrison, 1977). In particular, a number of neuropsychological studies 
have demonstrated a normal mere exposure effect in amnesic or prosopagnosic patients 
despite a profound inability to recognize the exposed stimuli (Johnson, Kim and Risse, 1985; 
Johnson and Multhaup, 1992; Greve and Bauer, 1990; see however Redington, Volpe and 
Gazzaniga, 1984, for contradictory results). These findings offer a strong argument for 
postulating that the mere exposure effect is an implicit memory manifestation, independent of 
explicit memory (Kihlstrom, Mulvaney, Tobias et al., 2000).  
Similarly, two studies have explored the mere exposure effect in Alzheimer’s disease 
(AD). Winograd, Goldstein, Monarch et al. (1999) found that a mere exposure effect for 
unfamiliar faces was present in mild to moderate AD patients, although they exhibited 
impaired recognition memory compared to controls. More recently, Halpern and O’Connor 
(2000) failed to observe a mere exposure effect for unfamiliar melodies. As the earlier study 
used the visual modality for stimuli exposition, the authors hypothesised that implicit memory 
for auditory information, especially nonverbal material, may be defective in AD due to neural 
degeneration in auditory areas in the temporal lobes. However, Verfaillie, Keane and Johnson 
(2000) recently found a normal priming effect in AD patients in the auditory perceptual 
identification of words, despite impaired recognition. As suggested by Verfaillie et al., this 
discrepancy within the same modality between intact implicit memory for words and impaired 
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implicit memory for melodies may reflect a dissociation between an intact auditory word-
form system and an impaired melodic processing system. These results also suggest that AD 
partients’ implicit memory performance might not depend exclusively on the modality of 
presentation, but also on the type of stimuli. 
Besides this modality difference, other differences make both studies hardly 
comparable. First, different types of preference measures were used: a forced-choice 
preference judgment between an exposed and a novel stimulus in Winograd’s et al. (1999) 
study and a bipolar rating scale (with the endpoints labelled least pleasant ‘1’ and most 
pleasant ‘5’) in that of Halpern and O’Connor (2000). In fact, pointing at the preferred 
stimulus does not require the same processes as those involved in translating one’s affective 
attitude towards a stimulus on a rating scale. Rating might involve more complex processes, 
such as understanding the correspondence between the scale and the feeling intensity, 
metacognitive processes, maintaining the choice in working memory long enough to make a 
rating, etc. All these processes might be too complex or impaired in AD patients, leading to a 
biased estimation of the mere exposure effect. On the contrary, pointing is a relatively easy 
and direct way to express the preference. In addition, both studies also differ in the number of 
exposed stimuli (19 in Winograd et al.’s study vs. 8 in Halpern and O’Connor’s study) as well 
as in the encoding procedure: Halpern and O’Connor used only two presentations for each 
melody, and only one encoding task (judging the melody speed), while Winograd et al. used 
three five-second duration exposures for each face with three different judgments about 
different face features (eye colour, hair colour, and age). This last condition certainly leads to 
a more precise perceptual encoding. Another important contrast between these studies is the 
type of processing involved as a function of the stimulus type. A face presented during 5 sec 
can be processed as a whole, with all parts being presented in the same time. On the contrary, 
a 5 sec melody is, by definition, sequential and its constituting parts cannot be processed 
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simultaneously, but in succession. It is, therefore, possible that the AD patients’ deficit in 
melodic preference was the consequence of either the demands associated to the preference 
judgment task or the characteristics of the encoding condition. Finally, a diffrence of age 
existed between the AD patients groups (78.7 +/- 6.2 in Halpern & O’Connor’s study and 69 
+/- 10 in Winograd et al.’s study). Even if both groups were relatively equivalent regarding 
the dementia severity, the age difference between samples might have been a final factor 
involved in the discrepancy of results between of both studies. 
To summarise, the evidence concerning the mere exposure effect in Alzheimer’s 
disease is rather sparse, especially when compared to the numerous studies devoted to the 
perceptual or conceptual expressions of implicit memory (see Fleischman and Gabrieli, 1998; 
Meiran and Jelikic, 1995). Furthermore, the only two existing studies have provided 
contradictory results, and their results are not easily comparable. It is, therefore, hard to 
characterise the pattern of success and failure of AD patients on the mere exposure effect, 
when considering the differences between these studies. 
Finally, a last problem should be mentioned concerning the Winograd et al. (1999) 
study. Indeed, in their research, preference judgments (Experiment 1) and recognition scores 
(Experiment 2) were obtained in separate groups of AD patients. Both groups were not 
statistically different in age, education, or dementia severity, but, because of the 
neuropsychological heterogeneity of AD, the observed dissociation between a preserved mere 
exposure effect for faces and an impaired face recognition performance should be interpreted 
with caution. In addition, in Experiment 2, the healthy control subjects were matched for age 
with the AD patients but had completed more years of education, which also makes the AD 
patients’ recognition deficit questionable.  
Considering all these problems, it clearly appears that further studies are needed in 
order to better characterise the mere exposure effect in AD. The purpose of the present 
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research was to re-examine the mere exposure effect for unfamiliar faces in AD patients. 
Similarly to the Winograd et al.’s study, we used preference and recognition tasks with a 
same format (forced-choice judgments). However, contrary to that study, preference judgment 
and recognition performance were explored in the same group of patients and control 
subjects. Furthermore, very short exposure times and a unique encoding task (age estimation) 
were used in order to make explicit recognition especially difficult and consequently, to 
optimise the possible dissociation between recognition performance and preference 
judgments. Despite these modifications in the encoding condition, we expected the mere 
exposure effect to be preserved in AD patients as it was in Winograd et al.’s study. Indeed, 
mere exposure effect does not seem to be favoured by long exposure duration or detailed 




Two groups of subjects participated in this study: patients with dementia of the 
Alzheimer type (AD) and normal elderly subjects. The selected AD group consisted of 
fourteen subjects (four males and ten females) who met the NINCDS-ADRDA criteria for 
probable Alzheimer’s disease (McKhann, Drachman, Folstein et al., 1984). Table 1 displays 
the participants’ characteristics. All patients had suffered from progressive worsening of 
memory problems for at least six months. The diagnosis was based on general medical, 
neurological and neuropsychological examinations. Exclusion criteria were a premorbid 
history of major psychiatric or neurological illness, drug or alcohol abuse. Their vision was 
normal or corrected. CT scans showed mild atrophy, at most. Patients’ ranged was from 107 
to 138 on the Mattis dementia rating scale (DRS; Mattis, 1973) and from 12 to 26 on the 
MMSE (Folstein, Folstein and McHugh, 1975).  
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Fourteen normal elderly subjects, matched for age, sex and educational level, served as 
controls. The normal controls were non-institutionalised, alert, and submitted to the same 
exclusion criteria as the AD group. As shown in Table 1, these control subjects did not differ 
from AD patients as to their age and their schooling level. All controls had a total score 
superior to 130 on the DRS, which constitutes a cut-off score to discriminate normal aging 
from dementia (Monsch, Bondi, Salmon et al., 1995). Their average scores were between 131 
and 144 on the DRS, and between 26 and 30 on the MMSE. As shown in Table 1, overall 
performance was significantly lower for AD patients than for controls on the DRS and the 
MMSE.  
 
Insert Table 1 about here 
 
Materials 
Stimuli were 60 black-and-white photographs of unfamiliar men’s faces. Selected 
photographs were chosen from a sample of 126 photographs. Photographed people ranged 
from 20 to 50 years of age. None of the presented faces had a beard, moustache, long hair, 
glasses or other distinctive features. The facial expression was neutral. Faces had been 
previously photographed under even conditions, that is, the same artificial lighting with the 
same lighting angle, the same face orientation (45° profile), and the same distance between 
face and camera. The body, the neck and the background were erased using the Adobe 
Photoshop Software (Adobe Systems, Inc.).  
In a preliminary phase, we prepared 15 equally likeable pairs of faces that could be used 
in the preference test. Firstly, each face of the 126 photographs was rated by 20 undergraduate 
students on a visual analogue scale of “likeability” (0 cm = very dislikeable, 10 cm = very 
likeable). Faces were then paired according to their average likeability rating. 50 pairs were 
created in such a way that both members of each pair were approximately equally rated on the 
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likeability scale. The 50 pairs of faces were randomly divided into two sets (set A and B) in 
such a way that each set contained one member from each pair. Secondly, each pair of faces 
was rated by 20 other undergraduate students in a forced-choice preference judgment. For this 
experiment, we kept the pairs in which both members were selected equally often. As a result 
of this two-step pre-test selection, 15 pairs of equally-likeable faces were included in this 
study. Faces A and B in the selected pairs had a mean score of 0.50 in the preference 
judgment (SD = 0.02, range: 0.47 to 0.53). Half of the subjects were presented with set A of 
stimuli as the target and set B as distractors. The other half of the subjects were presented 
with the reverse design. 
Each target in set A and set B was paired with a new face by apparent age and general 
attractiveness for creating 30 new target-distractor pairs for the recognition test. 
 All stimuli were presented on a 14’’ screen approximately 70 cm from subject. Faces 
were about 11 cm in height and 8 cm in width. They appeared on a black background, which 
yielded a pronounced figure–ground contrast. Each picture was made equivalent regarding the 
file size (100ko) and was presented by using the MEL 2.0 Professional software (Psychology 
Software Tools, Inc.) on a single 486/66 MHz PC with 16 mega of RAM, to every subject.  
Conditions of low room illumination were used throughout the experiment. Instructions 
were provided in these conditions, which allowed dark adaptation during a few minutes (over 
five minutes for every paticipant). 
Procedure 
Exposure phase. Patients and controls were tested in individual sessions. Subjects were 
told that the study involved “face perception”, and that they were going to see 15 faces, five 
times. They were informed that stimuli would be presented very briefly and would be difficult 
to see. After viewing three examples, they were asked to estimate the age of the target faces 
by responding less than 30 years old or more than 30 years old. Considering the brevity of 
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presentation, the task was rather difficult. However, this task allows to ensure that the subject 
stays concentrated throughout the presentation. No mention was made of any subsequent 
memory test. 
Subjects were then presented with 15 faces, five times each, in five random orders of 
15. Each study stimulus was presented at the centre of the screen for 17 ms, preceded by a 
fixation point presented for 1500 ms. The interval between the fixation point and the onset of 
the stimulus was 400 ms. Each stimulus was followed by a 1000 ms interval. The 
interstimulus interval was thus equal to 2900 ms. 
 In the exposure phase, three patients and three controls reported that they could not 
perceive faces sufficiently to make an age judgment and to respond less than or more than 30 
years old (their inability to make this age judgment was consistent across trials). Indeed, they 
reported being aware that faces had appeared on the screen, but without being able to process  
them because they disappeared too soon. In this case, subjects were told simply to look at the 
screen. 
 Immediately following the exposure session, a distractor verbal task (the DRS, Mattis, 
1973) was administered during 15 minutes. Since, the DRS had already been administered to 
five AD patients in the context of a neuropsychological examination in the previous month, a 
verbal recognition task of the same duration was used for these patients. 
 Forced-choice preference judgment. Subjects were presented with 15 pairs of faces 
containing a previously shown target face and a novel distractor face. Both faces were 
presented simultaneously to the subject. Each pair was presented for 1 sec, followed by a self-
spaced interstimulus interval of approximately 1 to 2 seconds. The side of the screen in which 
the target stimulus was displayed was counterbalanced and randomised over trials. Subjects 
were asked to examine each pair and to point to the face they liked best.  
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Recognition forced-choice judgment. Fifteen pairs containing the target face and a 
distractor face were displayed. Subjects were asked to point to the stimulus that they had seen 
during the exposure phase. The procedure and exposure duration were identical to that used in 
preference judgment. 
All subjects were first presented with the preference judgment task, followed by 
recognition judgment. This order was used to limit the risk that subjects would suspect the 
preference judgment to be a memory test. 
Results 
 The mean proportion of target faces selected in the recognition and preference 
condition are presented in Figure 1. It must be noted that analyses carried out on all subjects 
or on a reduced group excluding the three patients who were unable to process the faces, gave 
the same results. Therefore, for the sake of clarity, we only present here the analyses 
performed on the entire groups, except when necessary. 
 
INSERT FIGURE 1 ABOUT HERE 
 
The mean proportion (with SDs in parentheses) of target faces preferred was .58 (.12) 
for controls and .57 (.12) for AD patients (see Figure 1). Subjects selected targets at greater 
than chance (estimated at .50), for controls [t(13) = 2.293] and for AD patients [t(13) = 
2.245], one-tailed, P<.025.  
Regarding recognition, one AD patient was excluded from the analyses because he 
kept on making a preference judgment instead of recognition, as shown by his verbal 
comments (e.g., the patient kept saying: ‘I don’t like this one’). The mean proportion of target 
faces correctly recognized by controls was .65 (.07). This mean was significantly greater than 
.50, t(13) = 7.763, one-tailed, P<.001. AD patients’ proportion of correctly recognized faces 
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was .53 (.14), which was not significantly different from .50, t(12) = .8811, one-tailed, P > 
.05.  
A 2 (groups) x 2 (type of test: preference vs recognition) ANOVA was then carried 
out. The analysis revealed a significant interaction [F(1, 25) = 6.04, P = .021] but no effect of 
group (P=.14) nor effect of type of test (P=.77). Planned comparisons detailed this interaction 
by indicating no significant difference in the preference effect between the groups [F(1, 25) = 
.034, P = .854] despite a significant difference in recognition [F(1, 25) = 7.747, P = .01]. 
When the participants who had problems in processing the faces were excluded from the 
analysis, the ANOVA revealed an interaction only close to significance [F(1, 19) = 3.37, P = 
.082] but no effect of group nor type of test effect (P>.05). Planned comparisons still 
indicated no significant difference in the preference effect between the groups [F(1, 19) = 
.042, P = .84] despite a significant difference in recognition [F(1, 19) = 5.596, P = .029]. 
Here, the difference observed for the two-way ANOVA might be explained by the reduced 
number of subjects and, thus, by a lack of power. 
Discussion 
Despite a striking impairment in recognition memory, the AD patients demonstrated a 
normal mere exposure effect. These results not only confirm but also amplify the findings of 
Winograd et al. (1999). Indeed, contrary to Winograd et al., the dissociation between explicit 
memory performance and the mere exposure effect was obtained in the same groups of AD 
patients and control subjects. Another difference with the Winograd et al. study concerned the 
encoding condition: we used a very brief exposure duration and only one encoding task (age 
estimation), while Winograd et al. used three different encoding tasks and a 5 sec exposure 
duration. The preservation of the mere exposure effect in these encoding conditions suggests 
that the existence of this effect in AD patients does not depend on long exposure duration or 
detailed perceptual encoding. 
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Finally, the preservation of the mere exposure effect was observed in the presence of a 
chance level recognition performance, which suggests that these two types of phenomenon 
are functionally independent. These findings converge on a considerable number of 
experiments that have obtained a robust exposure effect for visual stimuli presented so briefly 
at study that they were not recognized by normal young subjects on a subsequent memory test 
(e.g. Bornstein, Leone and Galley, 1987; Kunst-Wilson and Zajonc, 1980; Mandler, 
Nakamura and Van Zandt, 1987; Seamon, Brody and Kauff, 1983a, 1983b). 
Different hypotheses may be proposed to account for the finding of affective 
preference without recognition in AD patients (see Seamon, McKenna and Binder, 1998, for a 
discussion of different theories of the mere exposure effect). According to Zajonc (2000), the 
nonconscious mere exposure effect occurs because affective processing can proceed 
independently of cognitive processing. The affective responses would normally precede the 
cognitive processing and take place virtually without the contribution of any cognitive input. 
In support of this hypothesis of independence between affective and cognitive processing, 
Zajonc cited several findings suggesting that different anatomical structures are involved in 
both of these processes. According to this point of view, a large body of research has linked 
the amygdala to memory processes for emotional events, the processing of certain emotional 
expressions, the preference judgment for visual stimuli and the conditioned preference (see 
Adolphs and Tranel, 1999; Fine and Blair, 2000; Johnsrude, Owen, White et al., 2000). With 
regard to AD patients, studies on histopathological changes or on the basis of magnetic 
resonance imaging morphometry indicate that the degeneration of the amygdala may occur 
very early in the course of the disease (e.g. Chow and Cummings, 2000; Maunoury, Michot, 
Caillet et al., 1996; Van Hoesen, 1997). However, the specific contribution of the amygdala in 
the mere exposure effect development has never been investigated. Moreover, our findings, 
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which showed a preserved mere exposure effect in AD patients, rather suggest that this effect 
does not depend on the amygdala.  
Another interpretation has been offered for the mere exposure effect. A number of 
researchers have argued that a feeling of familiarity resulting from perceptual fluency plays an 
important role in the mere exposure effect (e.g., Bornstein and D’Agostino, 1992; Seamon et 
al., 1983a). Perceptual fluency can be defined as the facilitation of stimulus encoding as a 
result of perceptual encoding practice (Jacoby and Dallas, 1981). With regard to the mere 
exposure effect, this ease of processing has been hypothesised to serve as the basis for 
preference judgment (Bornstein and D’Agostino, 1992). Thus, when asked to choose between 
previously shown and novel stimuli in a preference judgment task, subjects may prefer 
previously exposed stimuli because they are easier to process (Seamon et al., 1983a). 
Consistent with this view, Reber, Winkielman and Schwarz (1998) observed that preference 
for neutral stimuli can be enhanced by manipulations of perceptual fluency (e.g., changes in 
figure-ground contrast), independently of stimulus repetition. At the same time, the feeling of 
familiarity resulting from ease of processing also serves as a basis for recognition memory 
(e.g., Verfaellie and Cermak, 1999). Consequently, the perceptual fluency could be used as a 
cue for recognition and as a basis for preference judgment. However, one could then ask why, 
in current findings, AD patients’ performances differ significantly from chance in preference 
but not in recognition. From this point of view, these findings might suggest a dissociation 
between the familiarity which might be involved in the mere exposure effect and that 
involved in recognition. Familiarity thus appears to be multidetermined (Verfaellie and 
Cermak, 1999). Indeed, dissociations between familiarity processes in recognition and 
implicit perceptual memory can be observed (Wagner, Gabrieli and Verfaellie, 1997).  
More recently, Seamon and his collaborators (Seamon, Williams, Crowley et al., 1995; 
Seamon, Ganor-Stern, Crowley et al., 1997; Seamon and Delgado, 1999) suggested that the 
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mere exposure effect, like perceptual priming, can be mediated by a presemantic perceptual 
representation system (PRS) that codes the information about the structure and form of 
objects. PRS consists of modality-specific subsystems of memory like, for example, a 
structural description system which contains representations of structural relations among the 
component parts of three-dimensional objects. Thus, subjects would prefer previously 
presented stimuli more than non-presented stimuli because the former have an available 
representation in the PRS that later underlies a perceptual fluency. PRS is mediated by 
modality-specific cortices (Schacter, 1994) and evidence for a neuroanatomical basis of 
perceptual priming in visual modality comes from imaging studies that have demonstrated 
extrastriate cortices activation (Badgaiyan, 2000; Henson, Shallice and Dolan, 2000; see also 
Nyberg, 2000). Given that the perceptual priming seems to be intact in AD patients (for a 
review, Fleischman and Gabrieli, 1998), it is plausible that occipital regions subserve this 
intact performance in AD patients. In this prospect, it has been shown that the neurofibrillary 
tangles increase in AD patients as one moves from primary sensory (area 17) to extrastriate 
areas (area 19) (Lewis, Campbell, Terry et al., 1987), these latter areas remain, however, 
considerably less prone to tangle formation than multimodal association cortices and limbic 
and higher order associations areas (Arnold, Hyman, Flory et al., 1991; Pietrini, Furey, 
Alexander et al., 1999). In addition, Bäckman, Almkvist, Nyberg et al. (2000) recently 
observed in AD patients as well as in control subjects a correlation between perceptual 
priming performance and activity in area 19, although the type of activation pattern was 
different in both groups. In this way, the current findings of a mere exposure effect for 
unfamiliar faces in AD patients may reflect the relative sparing of the PRS. Relevant to this 
context are the findings of Halpern and O’Connor (2000), who found no effect for melodies. 
It is possible that, given the domain-specific nature of PRS, this discrepancy can reflect a 
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dissociation between a preserved subsystem PRS dedicated to faces and an impaired 
subsystem for processing melodies in Alzheimer’disease. 
 Finally, we must remain cautious about the conclusion that the mere exposure effect 
for unfamiliar objects is entirely preserved in Alzheimer’disease Firstly, it is possible that, in 
our study, like in that of Winograd et al. (1999), the significant but small effect did not enable 
the observation of an amplitude difference between groups. Indeed, although it is significant, 
the preference for old faces observed in these studies is small. In this context, it seems that 
faces are not the most sensitive materials for exploring the mere exposure effect. Indeed, faces 
have a specific status since they are very important social stimuli for humans and bear high 
emotional value. Also, the monitoring of the emotional valence seems to be extremely rapid 
and automatic (Ledoux, 1995; Pizzagali, Regard and Lehmann, 1999). Therefore, it is 
possible that the automaticity and rapidity of these mechanisms prevent a more larger 
expression of the mere exposure effect. Secondly, in our experiment, the delay between the 
study and test phase was rather short. Seamon et al. (1983b) found a preference effect in 
normal subjects over long delays. Thus, an impaired mere exposure effect might be expressed 
as a mere exposure effect that declines faster over time in AD patients than in controls. 
Finally, as noted by Halpern and O’Connor (2000) and Verfaellie et al. (2000), a very small 
number of studies have been carried out in the auditory implicit memory domain, with AD 
patients. Furthermore, given the discrepancy between the mere exposure effect results 
obtained in AD patients in the visual and auditory modality, and between the impaired 
exposure effect for melodies in Hapern and O’Connor’s study and preserved priming for 
auditorily presented words in the Verfaellie et al. study, a further investigation of preference 
effect in different modalities with a same procedure is necessary. However, materials, other 
than melodies, could be fruitfully used in auditory modality exploration.  
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Table 1 
Participants Characteristics  
 AD patients Controls t(26) 
Female 10 10  
Male 4 4  
Age (years) 
  M 










  M 










  M 
  SD 
  Range  
120.1 
9.1 
107 - 138 
139.2 
4.3 





  M 
  SD 
  Range 
20.7 
3.9 
22 - 26 
28.8 
1.4 




Note. For both groups, N = 14 ; DRS = Mattis Dementia Rating scale (Coblentz et al., 
1973); MMSE = Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975); 
AD = Alzheimer’s disease.  
*P<.001 
 




Figure 1: proportion of target faces selected  
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